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Abstract 


The polyurethane coating used on the M795 to provide chemical agent resistance is stained 
when it comes into contact with TNT (2,4,6,Trinitrotoluene), which is loaded into the steel 
projectiles after fabrication and painting. This project was performed to evaluate the alternatives 
available to repair the stained areas and included overcoating with the standard military 
specification finish for ammunition and ammunition components (a fast drying alkyd enamel), 
overcoating with the original paint, and overcoating with a fast-curing version of the original 
paint. Although adhesion and corrosion resistance were acceptable for all three, none was a 
solution to the problem. The TNT stain permeated a cured polyurethane topcoat in moderate 
heat. The alkyd was incompatible with TNT-stained areas in the original polyurethane, and this 
led to serious surface appearance problems. The satisfactory repair of stained projectiles will 
probably require some stripping and refinishing. 
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1. Background 


Although the traditional protective coating system for large caliber projectiles consists of a 
fast-drying, styrenated alkyd (MEL-E-52891) applied to the pretreated steel substrate, the M795 
has used a polyurethane topcoat to provide chemical agent resistance and improved chemical 
warfare survivability. This coating was developed in a joint effort between the Coatings 
Technologies Team of the Weapons and Materials Research Directorate (WMRD) of the Army 
Research Laboratory (ARL) and Hentzen Coatings of Milwaukee, WI. Since there is no material 
specification for a chemical agent resistant ammunition coating, the product was tested in the 
Experimental Products Program (EPP). This is a process similar to that of a qualified products 
list (QPL), but is user driven and designed to evaluate performance-based alternatives to military 
specification finishes. The M795 topcoat is a derivative of military specification MIL-C-53039, 
one of two chemical agent resistant coating (CARC) topcoats that are used on virtually all Army 
tactical vehicles, equipment, and aircraft. It is formulated in the olive drab (OD) color (typical 
for a high explosive projectile) and at a gloss level consistent with ammunition finishes rather 
than the low gloss required for vehicle camouflage. The coating is also modified to provide 
corrosion resistance not typically required of a topcoat since it is applied directly to the 
pretreated steel substrate. Film thickness constraints on the projectile’s diameter preclude the 
use of an intermediate film of anticorrosive primer. In addition, the coating provides some 
environmental benefits. Unlike the standard alkyd system, it contains no lead or hexavalent 
chromium, and it has a volatile organic compound (VOC) content that meets Federal and local 
Clean Air Act regulations in the locations where it is applied. A similar black-colored coating is 
used on the sense and destroy armor munition (SADARM). 

The M795 is manufactured and painted at the Scranton Army Ammunition Plant (SAAP). It 
is then shipped to the Iowa Army Ammunition Plant (IAAP), where it is loaded with TNT 
explosive. During the loading process, TNT is occasionally spilled onto the painted projectile 
and staining occurs. If it is not removed before the TNT curing process (approximately 6 hr long 
at 125 °F for the portion of the projectile immersed in water and 260 °F for the upper portion in 
air), the staining is not removable. When staining occurs on the traditional alkyd topcoat, it is 
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apparently removed by steam cleaning, but that is not the case with the polyurethane topcoat. 
Other efforts, including cleaning with various solutions and solvents, were made by IAAP to 
remove the stains, but without success. This report summarizes the results of a test program by 
ARL to determine the feasibility of repairing the projectiles by applying additional topcoat to 
stained areas. Since staining typically occurred near the tips of the projectiles, film thickness 
constraints on the bourrelet diameter were not applicable. This effort was requested and funded 
by project manager, artillery munitions systems (PM, ARMS) at Picatinny Arsenal, NJ. 

2. Test Procedures 

Since the performance of the coating was otherwise acceptable, this effort was designed to 
validate the recoatability of stained coating after various surface preparation scenarios. There 
were four questions that drove our research: (1) Could the stained paint be overcoated to hide 
the stain? (2) Would the second layer adhere properly if the stained surface was adequately 
cleaned? (3) What type of cleaning or surface preparation would be sufficient? (4) Would the 
rework process be durable and last the life of the projectile while stored? 

The Hentzen coating is designated “Zenthane Plus” by the manufacturer. The Zenthane is a 
moisture-cured polyurethane. The Plus is an amine activator for the polyurethane. A faster- 
drying version of the system (to be discussed later) was also considered, and it required a third 
component known as the accelerator. The Hentzen formulae for the three components are: 
Zenthane - 08692GUZ-1, activator - 08689CHA, and accelerator - 04699CHS. The mixing 
ratio for Zenthane Plus is 5:1 by volume for Zenthane:activator, and the accelerator (if used) is 
added at the rate of 3 cm 3 /gal of Zenthane. 

To answer the questions, PM, ARMS and ARL agreed that appropriate testing could be 
performed on steel coupons pretreated with the zinc phosphate process used on the projectiles. 
These coupons would be topcoated with the paint used by SAAP, stained with molten TNT at 
IAAP, and sent to ARL for the rework study. ARL would divide the panels into three sets to try 
different surface preparation processes and then apply the topcoat. For reasons to be discussed 
later, three topcoats were evaluated, thereby dividing the coupons into a total of nine subsets. 
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Prior to testing the rework processes, all panels were to be run through an accelerated aging 
process as defined by MIL-STD-331B, Test Cl, temperature and humidity, to simulate extended 
storage conditions. After this four-week aging process of daily cycles between 71 °C (160 °F) at 
95% relative humidity and -54 °C (-80 °F), the aged panels would be subjected to corrosion and 
adhesion testing to verify the rework process. A diagram of the aging procedure from the 
Military Standard is shown in Figure 1. 
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Figure 1. Temperature and Humidity Cycles. 


A total of 57 4- x 6-in unpolished steel panels were painted with the OD Zenthane Plus. The 
panels used were from ACT Laboratories and were pretreated with Bonderite 952 zinc phosphate 
using a deionized water final rinse (nonchromate process). The Zenthane Plus was Hentzen 
batch 27G815 using activator 22A905. After an air dry cure of seven days, the panels were 
packed and subsequently delivered during TDY to IAAP. The dry film thickness for each of the 
panels is listed in Table 1. 
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Table 1 


Panel No. 

Reading 1 

Reading 2 

Reading 3 1 

1 

1.25 

1.06 

1.25 

2 

0.96 

1.06 

0.98 

3 

0.96 

1.04 

1.04 

4 

1.01 

1.07 

1.03 

5 

1.06 

1.07 

1.09 

6 

1.07 

1.05 

1.15 

7 

1.02 

0.92 

1.16 

8 

1.25 

0.99 

1.24 

9 

0.81 

1.10 

1.02 

10 

1.00 

0.93 

1.02 

11 

0.98 

0.98 

0.95 

12 

1.01 

1.01 

0.81 

13 

0.97 

0.90 

0.98 

14 

0.95 

0.96 

1.06 

15 

1.07 

1.15 

0.83 

16 

1.12 

0.84 

1.11 

17 

1.04 

1.03 

0.94 

18 

0.96 

1.15 

1.20 

19 

0.96 

1.02 

1.02 

20 

1.15 

0.86 

1.22 

21 

1.10 

1.15 

1.24 

22 

0.83 

1.04 

1.14 

23 

0.90 

1.27 

1.10 

24 

1.11 

1.31 

0.90 

25 

1.02 

0.98 

1.17" 

26 

1.28 

0.96 

1.05 

27 

1.28 

1.07 

1.17 

28 

1.15 

1.17 

1.14 

29 

1.15 

1.21 

1.25 

30 

1.27 

1.38 

1.22 

31 

1.30 

1.39 

1.12 

32 

1.24 

1.04 

1.35 

33 

1.46 

1.29 

1.46 

34 

1.39 

1.33 

1.19 

35 

1.33 

1.49 

1.49 

36 

0.40 

1.26 

1.22 

37 

1.08 

1.11 

1.10 

38 

1.10 

1.12 

1.19 

39 

1.10 

1.26 

1.28 j 

40 

1.28 

1.45 

1.41 



Reading 5 

Average 

Std. Deviation 

1.17 

1.15 

0.10 

1.06 

1.02 

0.05 

1.07 

1.03 

0.04 

1.03 

1.02 

0.05 

1.07 

1.07 

0.01 

1.05 

1.08 

0.04 

1.15 

1.06 

0.10 

0.98 

1.09 

0.15 

1.26 

1.10 

0.20 

0.98 

0.99 

0.04 

1.08 

1.02 

0.06 

1.01 

0.98 

0.09 

0.98 

0.95 

0.04 

0.97 

0.99 

0.05 

1.00 

1.02 

0.12 

0.92 

0.99 

0.12 

1.10 

1.01 

0.06 

1.20 

1.13 

0.10 | 

1.07 

1.01 

0.05 

1.29 | 

1.09 

0.19 

1.11 ; 

1.14 

0.06 

0.89 

1.01 

0.15 

1.02 

1.04 

0.15 

0.93 

1.06 

0.16 ! 

1.04 

1.03 

0.09 

j 0.97 

1.03 

0.15 

1.07 

1.13 

0.10 

1.01 

1.14 

0.08 

1.19 

1.17 

0.07 

1.27 

1.28 

0.06 

1.19 

1.27 

0.11 

1.15 

1.18 

0.12 

1.24 

1.35 

0.10 

1.22 

1.26 

0.10 

1.33 

1.40 

0.08 

1.33 

1.08 

0.38 

1.10 

1.06 

0.09 

1.31 

1.17 

0.09 

1.19 

1.18 

0.09 

1.31 j 

1.32 

0.11 













































































































































































































































































































Table 1. Test Panel Dry Film Thickness (continued) 


Panel No. 

Reading 1 

■;nsTi [titan 

Reading 3 




Std. Deviation 

41 

1.24 

1.13 

1.25 

1.00 

1.03 

1.13 

0.12 

42 

1.05 

1.04 

1.02 

1.02 

1.03 

1.03 

0.01 

43 

1.27 

1.12 

1.09 

1.06 

1.19 

1.15 

0.08 

44 

1.15 

1.13 

1.52 

1.05 

1.00 

1.17 

0.20 

45 

1.30 

1.30 

1.08 

1.26 

1.02 

1.19 

0.13 

46 

1.48 

1.31 

1.07 

1.30 

1.27 

1.29 

0.15 

47 

1.15 

1.14 

1.36 

0.97 

0.97 

1.12 

0.16 

48 

1.06 

1.14 

1.41 

1.04 

1.09 

1.15 

0.15 

49 

1.37 

1.10 

1.35 

1.30 

1.45 

1.31 

0.13 

50 

1.69 

1.43 

1.04 

1.27 

1.37 

1.36 

0.24 

51 

1.20 

1.37 

1.35 

1.19 

1.23 

1.27 

0.09 

52 

1.07 

0.95 

1.04 

1.00 

0.99 

1.01 

0.05 

53 

0.87 

1.03 

0.83 

0.95 

0.86 

0.91 

0.08 

54 

0.85 

1.13 

1.01 

1.07 

1.00 

1.01 

0.10 

55 

1.18 

1.00 

1.06 

1.19 

1.20 

1.13 

0.09 

56 

1.02 

0.99 

1.13 

1.13 

1.21 

1.10 

0.09 

57 

1.05 

0.96 

0.94 

0.9 

0.96 

0.96 

0.05 


After the panels were stained with TNT, they were shipped back to ARL for the recoat 
evaluations. Three surface preparation processes had been chosen: nothing (as a control), an 
acetone wipe (a solvent readily available at IAAP and not a VOC), and a ScotchBrite scuff 
followed by an acetone wipe (to see if roughening the surface prior to recoating helped promote 
intercoat adhesion). At this point, PM, ARMS indicated that potentially either Zenthane Plus, 
accelerated Zenthane Plus, or the standard alkyd could be applied in the rework process. Due to 
potential changes needed in the IAAP production line, the dry time of the topcoat would be a 
large factor in the final decision. The OD alkyd used was from Sentry Paint, batch 9A54. 
Consequently, the 57 panels were divided into nine subsets to cover the three surface preparation 
variables and the three potential topcoats, as shown in Table 2. 


5 











































































































































Table 2. Test Panel Subsets 


Surface 

Preparation 

Alkyd 

Zenthane Plus 

Accelerated 
Zenthane Plus 

Not Committed 

None 

Panels 1-6 

Panels 7-12 

Panels 13-18 

Panel 19 

Acetone 

Panels 20-25 

Panels 26-31 

Panels 32-37 

Panel 38 

ScotchBrite/Acetone 

Panels 39-44 

Panels 45-50 

Panels 51-56 

Panel 57 



Figure 2. Stained Test Panels. 


Figure 2 shows uncommitted panels and the appearance of the panels after staining at IAAP. 
Each of the subsets had six panels, allowing for ASTM B 117 salt spray on four panels (two of 
each, scribed and unscribed), ASTM D 3359 method B cross cut adhesion testing on one, and 
FED STD 141 method 6301.2 wet adhesion testing on the other. Three panels were not 
committed at that point. A seven-day dry/cure time was allowed before the panels were 
subjected to the MIL-STD-331 aging process. 
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At about the same time, due to a pending engineering change proposal (ECP) from IAAP, 
PM, ARMS requested a quick check of the adhesion of the two polyurethane topcoats to the 
Zenthane Plus used by SAAP. The test coupons used for this effort had been previously 
prepared using Zenthane Plus on 4- x 12-in ACT coupons, but were not sent to IAAP for staining 
because the film thickness was slightly high. That was not a problem for this quick adhesion 
test. Exactly as before, the surface preparation was either nothing (control), acetone wipe, or 
ScotchBrite followed by an acetone wipe. Only Zenthane Plus and accelerated Zenthane Plus 
were used as topcoats. To further reduce the variables involved, each of the two topcoats was 
applied to half of the same 4- x 12-in coupon after it was cut into two 4- x 6-in coupons. Table 3 
lists the panels prepared for the quick recoat study. 


Table 3. Quick Recoat Test Panels 


Surface 

Preparation 

Zenthane Plus 

Accelerated 
Zenthane Plus 

None 

Panel Ai 

Panel A 2 

Acetone 

Panel E t 

Panel E 2 

ScotchBrite/Acetone 

Panel Ii 

Panel I 2 


3. Test Results 

The application of the Zenthane Plus and the accelerated Zenthane Plus was uneventful, with 
complete hiding and no apparent defects. However, the alkyd appeared to be incompatible with 
the TNT-stained substrate and exhibited many film defects, including nonhomogeneity and 
cratering. Shortly after the first high temperature and humidity cycle of the accelerated aging 
process was run, it became clear that topcoating with Zenthane Plus or the accelerated Zenthane 
Plus would not work. This was because the TNT stains, which were hidden after applying the 
rework topcoat, bled through and were once again visible. At the conclusion of the aging 
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process, one panel from each of the nine subsets was provided to PM, ARMS to illustrate the 
poor appearance of the alkyd topcoat and the reappearance of the stains through the polyurethane 
topcoat. The panel labels were 6,12, 16, 20, 26, 32, 43, 49, and 56. After removing these panels 
from the testing, each subset then contained five panels—four for salt fog exposure and one for 
wet and dry adhesion (Figures 3-5). 



Figure 3. Test Panels Topcoated With Alkyd. 



Figure 4. Test Panels Topcoated With Zenthane Plus. 
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Figure 5. Test Panels Topcoated With Accelerated Zenthane Plus. 


3.1 Salt Fog Testing. Table 4 lists the panels used in the salt fog testing in accordance with 
ASTM B 117. The back of each panel was coated with a red anticorrosive primer to prevent 
rusting. The test was run for 150 hr. 


Table 4. Salt Fog Test Panels 


Surface 

Preparation 

Alkyd 

Zenthane Plus 

Accelerated 
Zenthane Plus 

None 

1, 2, a 3, 4 a 

7, a 8, 9,10 a 

13,14, 3 15, 17 a 

Acetone 

21, a 22, 23, 24 a 

27, 3 28, 29, 3 30 

33, 3 34, 35, 36 a 

ScotchBrite/Acetone 

39, 40, a 41, 42 a 

45, 3 46,47, 48 a 

51, 52, 3 53, 54 a 


3 Scribed panels. 


All panels passed this test. The final appearance of the panels with the polyurethane topcoat was 
better than those with alkyd, due to slightly less corrosion at the score. There were no significant 
differences observed in performance attributable to the surface preparation process used. Figures 
6-8 illustrate these results. 
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Figure 6. Alkyd-Topcoated Salt Fog Test Panels. 
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Figure 7. Zenthane Plus -Topcoated Salt Fog Test Panels. 


3.2 Adhesion Testing. Tables 5 and 6 list the panels used in adhesion testing and the 
results. The ASTM cross cut adhesion testing was performed with 2-mm line spacing 
appropriate for dry film thicknesses between 2 and 5 mil (1 mil = 0.001 in). Only panel 44 was 
marginal in performance. 
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Figure 8. Accelerated Zenthane Plus-Topcoated Salt Fog Test Panels. 


Table 5. ASTM D 3359 Method B Adhesion Test Results 


Surface 

Preparation 

Alkyd 

Zenthane Plus 

Accelerated j 

Zenthane Plus 

Panel 

Result 

Panel 

Result 

Panel 

Result 

None 

5 

5B (pass) 

25 

4B (pass) 

44 

4B (pass) 

Acetone 

11 

5B (pass) 

31 

5B (pass) 

50 

4B (pass) 

ScotchBrite/Acetone 

18 

5B (pass) 

37 

5B (pass) 

55 

5B (pass) 


Note: A 5B rating means no removal, and a 4B rating means < 5% removal. 


Table 6. FTMS 141 Method 6301.2 Adhesion Test Results 


Surface 

Preparation 

Alkyd 

Zenthane Plus 

Accelerated 
Zenthane Plus 

Panel 

Result 

Panel 

Result 

Panel 

Result 

None 

5 

Pass 

25 

Pass a 

44 

Pass' 5 

Acetone 

11 

Pass 

31 

Pass 

50 

Pass 

ScotchBrite/Acetone 

18 

Pass 

37 

Pass 

55 

Pass 


a < 1/16-in removal at the score in a stained area. 
b 1/16-1/8-in removal at the score (none in stained area). 
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3.3 Quick Recoat Study. Panels prepared in the quick recoat study were subjected to ASTM 
D 3359 cross cut adhesion and FTMS 141 Method 6301.2 wet tape adhesion testing to check for 
intercoat adhesion. All panels passed both test procedures, as shown in Table 7. 


Table 7. Quick Recoat Adhesion Test Results 


Surface 

Preparation 

Zenthane Plus 

Accelerated 

Zenthane Plus 

ASTM 

FTMS 

ASTM 

FI 

"MS 

Panel 

Result 

Panel 

Result 

Panel 


Panel 

Result 

None 

A a 

4B 

Pass 3 

□ 

Pass 

n 

5B 

Pass 3 

A b 

Pass 

Acetone 

E a 

5B 

Pass 

E a 

Pass 

E b 

5B 

Pass 3 

□ 

Pass b 

ScotchBrite/Acetone 

I a 

5B 

Pass 

I a 

Pass 

I b 

5B 

Pass 

I b 

Pass 


Note: A 5B rating means no removal, and a 4B rating means < 5 % removal. 
a Minor removal at intersections. 
b Down to the substrate, but < 1/32 in. 


3.4 Diy Time Study. The dry times in Table 8 were provided to PM, ARMS to assist in 
evaluating an ECP proposing changes in the production line to accommodate using CARC to 
repair stained projectiles. In most cases, they are within the dry time limits found in 
MIL-E-52891. Testing was performed according to FTMS 141 method 4061.2, as shown in 
Table 8. 


Table 8. Dry Time Test Results 


Coating 

Application 

Set To Touch 
(min) 

Dry Hard 
(min) 

Dry Through 
(min) 

MIL-E-52891 Requirement 

drawdown 

6 

10 

20 

Zenthane Plus 


3-4 

10 

15 

Zenthane Plus 

spray_ 

5 

15 

20 

Accelerated Zenthane Plus 

drawdown 

3-4 

10 

15 

Accelerated Zenthane Plus 

spray 

5 

15 

20 
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3.5 Stain Migration. One of the three stained panels not committed to the corrosion and 
adhesion testing was overcoated with accelerated Zenthane Plus, allowed to dry/cure for seven 
days, and placed in an oven at 105 °C. The underlying TNT stain permeated the cured topcoat 
(became visible) in about an hour. 

4. Discussion 

Most of the results of this study were predictable. All of the three potential topcoats, alkyd, 
Zenthane Plus, and accelerated Zenthane Plus, could be applied to TNT-stained Zenthane Plus 
that had been adequately prepared. Corrosion resistance and adhesion were satisfactory. What 
could not be predicted, however, was how easily the TNT stain permeated the Zenthane 
overcoat, thereby eliminating its use to hide the stains. The alkyd alternative proved to be 
unacceptable as well due to visible surface defects, regardless of the type of surface preparation. 
This behavior is probably related to its incompatibility with the TNT in the polyurethane film 
and may be the reason that TNT staining did not permeate the alkyd. On the other hand, the 
apparent compatibility of the polyurethane and TNT probably explains, at least in part, the ease 
with which TNT stains permeated the polyurethane topcoat. 

5. Recommendations 

(1) ARL does not recommend that the alkyd or the polyurethanes tested in this effort be 
used as a recoat to repair the stained projectiles. 

(2) Further study of the mechanism of TNT migration through polyurethane films is 
warranted. 

(3) It is best to prevent staining from occurring as much as possible, but stained projectiles 
will likely need to be stripped of stained topcoat and repainted. 


13 


Intentionally left blank. 


14 



NO. OF 
COPIES 

2 DEFENSE TECHNICAL 1 

INFORMATION CENTER 
DTIC DDA 

8725 JOHN J KINGMAN RD 
STE 0944 

FT BELVOIR VA 22060-6218 

1 HQDA 1 

DAMOFDT 
400 ARMY PENTAGON 
WASHINGTON DC 20310-0460 

1 OSD 

OUSD(A&T)/ODDDR&E(R) I 

RJTREW 

THE PENTAGON 

WASHINGTON DC 20301-7100 

1 DPTY CG FOR RDA 

US ARMY MATERIEL CMD 3 

AMCRDA 

5001 EISENHOWER AVE 
ALEXANDRIA VA 22333-0001 

I INST FOR ADVNCD TCHNLGY 

THE UNIV OF TEXAS AT AUSTIN 1 

PO BOX 202797 
AUSTIN TX 78720-2797 

1 DARPA 

BKASPAR 

3701 N FAIRFAX DR 

ARLINGTON VA 22203-1714 

1 NAVAL SURFACE WARFARE CTR 4 

CODE B07 J PENNELLA 
17320 DAHLGRENRD 
BLDG 1470 RM 1101 
DAHLGREN VA 22448-5100 

1 US MILITARY ACADEMY 

MATH SCI CTR OF EXCELLENCE 

MADNMATH 

MAJ HUBER 

THAYER HALL 

WEST POINT NY 10996-1786 


NO. OF 

COPIES ORGANIZATION 


ORGANIZATION 

DIRECTOR 

US ARMY RESEARCH LAB 

AMSRLD 

DR SMITH 

2800 POWDER MILL RD 
ADELPHIMD 20783-1197 

DIRECTOR 

US ARMY RESEARCH LAB 
AMSRLDD 

2800 POWDER MILL RD 
ADELPHI MD 20783-1197 

DIRECTOR 

US ARMY RESEARCH LAB 
AMSRL Cl AIR (RECORDS MGMT) 
2800 POWDER MILL RD 
ADELPHI MD 20783-1145 

DIRECTOR 

US ARMY RESEARCH LAB 
AMSRL Cl LL 
2800 POWDER MILL RD 
ADELPHI MD 20783-1145 

DIRECTOR 

US ARMY RESEARCH LAB 
AMSRL Cl AP 
2800 POWDER MILL RD 
ADELPHI MD 20783-1197 


ABERDEEN PROVING GROUND 
DIRUSARL 

AMSRL Cl LP (BLDG 305) 


15 




NO. OF 

COPIES ORGANIZATION 

ABERDEEN PROVING GROUND 

10 DIR USARL 

AMSRLWMMA 
JDUNCAN 



REPORT DOCUMENTATION PAGE 


Form Approved 
OMB No. 0704-0188 


PubHc repotting burden for this collection of information is Mtimated to average 1 hour p * response, Including the time tor reviewing instruction *, se arching existing data sources, 
gathering and maintaining the data needed, end completing and reviewing the colection of Information. Send comments regarding this burden estimate or any other aspect of IN* 
coMection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for biformation Operations and Reports, 1215 Jefferson 
Davis Hkjhwav, Suite 1204, Arfinqton, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project(0704-0188) 1 Wnshincrton. DC 20503. 


2. REPORT DATE 


1. AGENCY USE ONLY (Leave blank) 


4. TITLE AND SUBTITLE 


September 2000 


3. REPORT TYPE AND DATES COVERED 

Final, September 1998-October 1999 


S. FUNDING NUMBERS 


The TNT Staining Problem on the M795 Coating System 


6. AUTHOR(S) 


Jeffrey L. Duncan and Pauline M. Smith 


7. PERFORMING ORGANIZATION NAME(S) AND ADDRESSEES) 

U.S. Army Research Laboratory 

ATTN: AMSRL-WM-MA 

Aberdeen Proving Ground, MD 21005-5069 



8. PERFORMING ORGANIZATION 
REPORT NUMBER 


ARL-TR-2329 


9. SPONSORING/MONITORING AGENCY NAMES(S) AND ADDRESSEES) 

U.S. Army Armament Research, Development, and Engineering Center 


10.SPONSORING/MONITORING 
AGENCY REPORT NUMBER 




12a. DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for public release; distribution is unlimited. 


13. ABSTRACT (Maximum 200 words) 

The polyurethane coating used on the M795 to provide chemical agent resistance is stained when it comes into 
contact with TNT (2,4,6,Trinitrotoluene), which is loaded into the steel projectiles after fabrication and painting. This 
project was performed to evaluate the alternatives available to repair the stained areas, and included overcoating with 
the standard military specification finish for ammunition and ammunition components (a fast drying alkyd enamel), 
overcoating with the original paint, and overcoating with a fast-curing version of the original paint. Although 
adhesion and corrosion resistance were acceptable for all three, none was a solution to the problem. The TNT stain 
permeated a cured polyurethane topcoat in moderate heat. The alkyd was incompatible with TNT-stamed areas in the 
original polyurethane, and this led to serious surface appearance problems. The satisfactory repair of stained 
projectiles will probably require some stripping and refinishing. 


14. SUBJECT TERMS 


chemical agent resistant coating, CARC, ammunition coating, TNT 


15. NUMBER OF PAGES 


16. PRICE CODE 


17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT 
OF REPORT OF THIS PAGE OF ABSTRACT j 

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL 

nsn 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 

NSN 7540-01 280-5500 ]7 Prescribed by ANSI Std. 239-18 298-102 














Intentionally left blank. 


18 




USER EVALUATION SHEET/CHANGE OF ADDRESS 


This Laboratory undertakes a continuing effort to improve the quality of the reports it publishes. Your comments/answers to 
the items/questions below will aid us in our efforts. 

1. ARL Report Number/Author ARL-RP-10 (Fontiin) _Date of Report November 2000- 

2. Date Report Received___—-—-- 

3. Does this report satisfy a need? (Comment on purpose, related project, or other area of interest for which the report will be 

used.)_________ 


4. Specifically, how is the report being used? (Information source, design data, procedure, source of ideas, etc.) 


5. Has the information in this report led to any quantitative savings as far as man-hours or dollars saved, operating costs 
avoided, or efficiencies achieved, etc? If so, please elaborate.___—- 


6. General Comments. What do you think should be changed to improve future reports? (Indicate changes to organization, 
technical content, format, etc.)___—--- 


Organization 

CURRENT Name E-mail Name 

ADDRESS ___ 

Street or P.O. Box No. 

City, State, Zip Code 

7. If indi cating a Change of Address or Address Correction, please provide the Current or Correct address above and the Old 
or Incorrect address below. 


Organization 


OLD Name 

ADDRESS _ 

Street or P.O. Box No. 


City, State, Zip Code 

(Remove this sheet, fold as indicated, tape closed, and mail.) 
(DO NOT STAPLE) 





